ly. Table 3 presents data on the formation factor and porosity.
The solid chemistry will not be discussed in detail. The trends are for carbonate content to increase with depth, and silica content to decrease. Likewise, magnesium, titanium, aluminum, iron, sodium, potassium, and phosphorous contents also decrease with depth. The ratio of Sr/Ca in the acetic acid leach (Table 1) remains fairly constant throughout the section at about 2 × 10~3 moles/mole. This value demonstrates that there has been very little carbonate recrystallization, a process which would lower the Sr/Ca ratio toward its equilibrium value (under these conditions) of about 0.5 × 10 ~3 moles/mole (Baker et al., in preparation) .
The oxygen isotope values and Sr 2+ /Cl~ ratios of pore waters are shown in Figure 1 . There is a l% 0 decrease in δ 18 θ and a 25% increase in Sr 2+ with depth. It can also be seen that Sr 2+ values differ in the two holes, despite their being geographically separated by only about 100 meters. Figure 2 shows that Mg 2+ /Cl-decreases by 10% with depth over the same interval in which Ca 2+ /Cl~ increases by 30%. These values contrast with those from nearby Site 83 (Sayles et al., 1972) , which showed no significant change in pore water Ca 2+ , Mg 2+ , or Sr 2+ , from near-surface sediments to nearbasement. Other significant observations from Table 2 include a limited amount of SO 4 2~ reduction (also seen by Sayles et al., 1972) ; high values of dissolved silica as expected for diatom-rich sediments with only slight opal-A to opal-CT recrystallization present; and a decrease in PO 4 2~ with depth (especially in carbonates) in the four samples analyzed for this constituent.
PORE WATER MODEL CALCULATIONS
As a result of the observed magnitudes and curvatures of the pore water chemical and isotope profiles, the following questions were raised: (1) What would be the shape of the concentration profile if the solutes were conservative and affected only by the processes of reaction with basaltic basement "diffusion" and advection resulting from sediment compaction? (2) What would be the predicted shape of the concentration profile if we imposed an external advective movement of pore waters such as the input of hydrothermal fluids originating in the underlying basement? (3) Can the profiles be explained by production in the sediment column and diffusion, without advection?
To solve the first problem, the algorithm of McDuff and Gieskes (1976) was used. We assume for the procedure a stable and conservative tracer, steady-state diffusion, and a nonconstant diffusion coefficient. The vàri- ation of the diffusion coefficient is determined from the measurement of electrical resistivity and porosity as shown by the following relationship:
where D b and D x are, respectively, the bulk and pore water diffusion coefficients (units of cmVs); p is the fractional porosity (dimensionless); and F is the formation factor (dimensionless). sured for these sediments is shown in Figure 3 . The best fit to these data produced the equation: Because the porosities are so high (see also Mayer, this volume), it is immediately evident that D b will not vary greatly from its value in seawater at the relevant temperature. The parameters employed in the calculation are described by McDuff and Gieskes (1976) . The particular Table 4 . Initial sedimentation rates of both 1.5 and 3.2 cm/1000 yr. (the range of sedimentation rates at the site) were tried, but the choice of sedimentation rate has no significant effect upon the model profiles. Before calculating the concentration profile, it is wise to verify that the model of steady state holds (given our assumptions). This calculation again follows the derivation of McDuff and Gieskes (1976) . Assuming an initial sedimentation rate of 3.2 cm/1000 yr., a bulk diffusion coefficient of 4 × 10~6 cm 2 /s, appropriate for the diffusion of Mg 2+ , Ca 2 + , and Sr 2+ at in situ temperatures (Li and Gregory, 1974) , one can calculate the time to reach steady state. For an initial perturbation of concentration, in a 240-meter-long section, this time is about 2.2 × I0 6 yr., clearly less than the age of the basement sediment. A higher diffusion coefficient, as would be more appropriate for the diffusion of 18 O in H 2 O (Wang et al., 1953) , results in a shorter time. Thus, the steadystate assumption seems to be valid for the major cations and 18 O. The results of the calculation are shown in Figure 4 . Neither the effect of a nonconstant diffusion coefficient nor variation of the sedimentation rate are important considerations at this site. The generated concentration profiles do not explain the curvature observed for all major constituents.
Next, the equation for diffusion (with a constant coefficient and constant porosity) plus advection (w), but without production, was solved:
where c refers to concentration and Λ: is depth below the seawater/sediment interface.
The boundary conditions were:
where subscript b refers to the sediment/basement interface (or any other chosen depth in the sediment column). The solution to the equation is:
Several examples of the solution of this equation for Ca 2+ , Mg 2+ , or Sr 2+ (all ions with D = 4 × 10 ~6 cmVs) are shown in Figure 5 . The equation was fit to data from Hole 5O3B alone, because this provided a more coherent data set, and the two holes have different concentrations for most elements. The best fit is achieved for an advection of -15 (± about 2) × 10-10 cm/s, that is, an upward advection of about 47 (± 6) cm/1000 yr.
The rate of diffusion of 18 O in sedimentary pore waters is not known, but by assuming that the advective term (-15 × 10 ~1 0 ) is correct, the diffusion coefficient can be determined. Ignoring temperature dependence of the diffusion coefficient, the best fit to the observed data, Figure 6 , was obtained with a constant diffusion coefficient of roughly 15 × I0" 6 cm 2 /s. Unfortunately, the scatter is fairly large due to combining errors in the measurements of C o , C b , and C x . There is also significant variability outside this scatter. The self-diffusion of pure water using H 2
18
O as a tracer (Wang et al., 1953) corrected by the formation factor and the average tem- perature (8°C) yields a value of about 15 × I0" 6 cm 2 /s. In this work, the value of 15 ×10~6 cm 2 /s has been used.
Finally, the equation for diffusion (with a constant coefficient and constant porosity) and constant production (/), but without advection 
2D ×b
For Ca 2+ , a production of 4 × 10 ~1 9 mole/cm 3 s produces the concentration profile shown in Figure 7 . This curve does not reproduce the observed curvature.
The same production equation can be solved for δ 18 θ by first separating the isotopes 16 O and 18 O into their absolute concentrations. The best fit to the observed data (from Holes 5O3A and 5O3B combined-a minimum O during sediment diagenesis in the deep sea is probably the alteration of volcanic ash to smectite (Lawrence et al., 1979) . If the sediment were initially 100% volcanic ash, and the ash is assumed to have an initial δ 18 θ of + 6%<>SMOW> O derived above. To make matters much worse, the actual amount of ash observed in these sediments is a few percent at most, and it is not totally altered. Ash alteration or any other reaction in the sediment column can therefore be eliminated as the major cause of the observed 18 O profile. This, of course, does not rule out a small amount of reaction in the sediment column.
A final simple but revealing calculation can be performed. From Fick's first law (e.g., Berner, 1980) , the total flux of solute, i, across the sediment/basalt interface, f bi , is given by the diffusive plus the advective flux: (Muehlenbachs, 1977) . This implies that about 1.9 km of basalt must be altered to be consistent with the observed flux of O is justified on the basis of the heavy oxygen and strontium isotope compositions of the separated basalt alteration products and of diagenetic calcite veins (Muehlenbachs, 1977 and Kastner et al., 1980; Richardson et al., 1980) . Closed-system reaction should lead to the precipitation of alteration products with substantially lighter isotopic ratios.
HYDROTHERMAL CIRCULATION
The data and calculations from Site 503 reveal that chemical convection is occuring at present. As determined above, for 18 O the convective flux is about three times the diffusive flux. For Ca 2+ , Mg 2+ , and Sr 2+ , it is slightly more important. The advection of fluid is thermally driven and may exhibit the geometry of a cell. The data of Anderson et al. (1979) suggest that the lateral dimensions of such cells are on the order of 1-10 km. The present data indicate that Holes 5O3A and 5O3B, only 100 meters apart, may be located on different parts of such a cell: extrapolation of near-surface trends from Site 5O3B to greater depths indicates that Hole 5O3A is relatively depleted in Sr 2+ and Ca 2+ and enriched in Mg 2+ and δ 18 θ. Hole 5O3B, therefore, has a larger basement influence and probably more rapid upward fluid flow. Site 83 (located about 10-km south westward), which showed constant concentrations throughout the section, may have been located in an area of recharge. In all these sites, it is conceivable that some lateral fluid movement may take place.
If chemical convective flux is greater than diffusive flux in sediments 7.5 m.y. old, it must be of increasing importance in younger crust. Only lack of representative sampling of sediments on young crust and lack of detailed sampling in such sections have thus far prevented similar identification of off-ridge convection at other sites. Mottl et al. (1980) have recently observed hydrothermal activity at Site 504 on the flank of the Costa Rica Rift (6.2 m.y. old).
Many recent studies of the chemical and isotopic composition of pore waters have identified the importance of alteration of basalt and of volcanic ash in controlling the major element fluxes in deep-sea sediments (e.g., Lawrence et al., 1975; Lawrence et al., 1979 ; Gieskes, in press; Lawrence and Gieskes, in press). McDuff and Gieskes (1976) modeled the Ca 2+ and Mg 2+ pore water concentrations of four DSDP sites and concluded that the location of the reactions which supported the gradients of these elements is close to (or below) the basalt/sediment interface.
The depth, degree, and conditions of basalt alteration are problems of interest because of their influence on the chemical and isotopic composition of seawater. It is now known that hydrothermal solutions escaping directly from ridge crests are relatively common phenomena (Galapagos, East Pacific Rise 21 °N, TAG hydrothermal field on the Mid-Atlantic Ridge) and that the high-temperature interaction of circulating seawater with basalt may contribute important fluxes of many elements to the oceans (Edmond et al., 1979) .
Global fluxes of elements resulting from hydrothermal activity were calculated by Edmond et al. (1979) on the following basis. An oceanic flux of 3 He of 4 ± 1 atom/cm 2 s (Craig et al., 1975) was combined with the 3 He-tranported heat correlation found for Galapagos hot water samples (Jenkins et al., 1978) to yield a convective hydrothermal heat flux (cal/yr.). The measured temperature dependence of the elements' concentrations in the Galapagos samples (moles/cal.) was multiplied by this heat flux to yield an element flux (moles/yr.). Using the measured value of δ 18 θ = +1.6%OSMOW °f Craig et al. (1980) (Edmond et al., 1979) A moles/1 18 O Δ moles/1 Mg = -3.351 × I0-3 .
Using values from Edmond et al. (1979) Edmond et al. (1979) .
The present oceans are probably in a steady state with regard to δ 18 θ (Muehlenbachs and Clayton, 1976) ; hence input of 18 O by hydrothermal sources must be matched by a similar output-the only comparable size sink being the low-temperature hydrothermal alteration of basalt. Muehlenbachs and Clayton (1976) assumed that 2.94 kmVyr. (Chase, 1972) of basalt is produced at ridge crests and subsequently altered by 10% to 600 meters depth at low temperature by reaction with seawater before being finally subducted. From the work of Gregory and Taylor (1981) (Yeh and Savin, 1977) , the average number found by Gregory and Taylor for upper crustal rocks of the ophiolite. Using an oxygen concentration in gabbros, basalts, and smectites of 0.08 moles/cm 3 (Lawrence et al., 1979) Edmond et al. (1979) would require ten times more low-temperature alteration than is observed and would also require a source of 18 O ten times greater than is observed. Restating this point, the fluxes of elements calculated by Edmond et al. (1979) are as much as ten times too high.
The agreement between ridge-crest heat flow predicted by the 3 He-heat correlation (Jenkins et al., 1978) and the total global convective heat anomaly (Sleep and Wolery, 1978) was cited by the former authors as evidence in support of their methodology. Recently, however, Sleep et al. (1980) estimated that only about onesixth of the total ridge hydrothermal activity can actually occur within the axial region. Any one vent can remove a large amount of heat (MacDonald et al., 1980) . If only this rapidly discharge fluid, directly overlying the magma chamber and in contact with fresh mantlederived rocks, transports significant quantities of 3 He (Craig and Clark, 1970) , the use of an observed 3 Heheat correlation at venting sites to calculate global heat or elemental fluxes due to hydrothermal flow must lead to an overestimate.
SUMMARY
For the first time the existence of convective transport of chemicals through the sediment column at a deep-sea site, removed from the ridge crest, has been demonstrated. The flux of elements and isotopes at Site 503 can be accounted for only by a very substantial amount of low-temperature alteration of basaltic basement. Adjacent Holes 5O3A, 5O3B, and 83 display different chemical concentrations, suggesting that convection may be localized.
In summary, I suggest the following simple model: (1) Advection of fluid at ridge crests is widespread and of high velocity, such that fluxes of elements and isotopes may be of globally important magnitude (but of considerably lesser magnitude than suggested by Edmond et al., 1972) . (2) At sites near ridge crests where sediment cover is less than 300 meters , the advection of fluids is often great enough that heat flow and chemical transport are convective in nature. (3) At sites where sediment cover is thicker (usually farther removed from the ridge crests), heat flow is conductive but slow fluid flow may still cause chemical convection. (4) Finally, at sites sufficiently far from spreading centers and with sufficient sediment cover, convective heat flow, convective chemical transport, and fluid advection are all negligible.
